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CMOS IMAGER WITH INTEGRATED
NON-VOLATILE MEMORY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
Ser. No. 09/136,680, filed on Aug. 19, 1998, which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates generally to image
sensing devices and in particular to a complementary metal
oxide semiconductor (CMOS) imager with integrated non-
volatile memory.

BACKGROUND

[0003] With the advent of multimedia communications,
there arises the need for low-cost solid state imagers to
complement communication devices and computers. An
image input sensor is central to any teleconferencing and
multimedia application and is used to convert an optical
image focused on the sensor into electrical signals. The
image input sensor typically includes an array of light
detecting elements where each element produces a signal
corresponding to the intensity of light impinging on that
element when an image is focused on the array. These
signals may then be used, for example, to display a corre-
sponding image on a monitor or to help record information
about the optical image, as performed by a digital camera.

[0004] A common type of image sensor is a charge
coupled device (CCD). CCDs have dominated vision appli-
cations because of their superior dynamic range, low fixed-
pattern noise and high sensitivity to light. However, CCD
technology is quite complex, suffers from low yields, and is
expensive due to specialized processing involved to produce
such devices. Moreover, integrating analog/digital conver-
tors and digital processing with a CCD array on the same
chip is not feasible. As a result, multiple chip sets are
required to accommodate the CCD array image sensor and
the required logic and processing circuitry. An imaging
sensing device having a multiple chip set package is more
costly to produce than a device utilizing a single chip set.
Other well known disadvantages exist for CCDs.

[0005] In comparison, image sensor research has
advanced pure complementary metal oxide semiconductor
(CMOS) image sensors. CMOS image sensors consist of
photodiodes or phototransistors that are used as the light
detecting elements where the conductivity of the elements
correspond to the intensity of light impinging on the ele-
ments. CMOS image sensors have a great cost advantage
over CCDs of similar resolution. This is due to the fact that
CMOS image sensors have high yields because they are
fabricated by the same semiconductor foundries that make
computer memory chips, digital signal processors, analog/
digital convertors, etc.

[0006] CMOS image sensors address many of the short-
comings of CCDs. CMOS technology allows the fabrication
of a single chip set having image capture capability along
with logic and processing capabilities including analog/
digital conversion and digital signal processors. Memory
such as RAM and ROM can also be integrated onto the same
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single chip set. However, integrating non-volatile memory
onto the same circuit as a CMOS imager presents a problem
due to the non-volatile memory’s sensitivity to light. Most
non-volatile memory cells rely on a trapped charge stored on
a floating gate in a field effect transistor (FET). Erasure of
the trapped charge from the floating gate is performed by
exposure to ultraviolet light.

[0007] As a consequence, current image devices, such as
digital cameras, do not place non-volatile memory on the
same integrated circuit as the CMOS image sensor. Sepa-
rating the CMOS imager from non-volatile memory results
in an image sensing device having a multiple chip set
package which adds to the cost of the device. In addition, the
size of the image sensing device is directly related to the
required number of chip sets. If non-volatile memory were
integrated onto the same integrated circuit as a CMOS
imager, then a more compact image sensing device could be
achieved.

[0008] Therefore, what is needed is a single integrated
circuit having a CMOS imager and peripheral components
for receiving and processing a received image, including
non-volatile memory integrated onto the same integrated
circuit. For the reasons stated above, and for other reasons
stated below which will become apparent to those skilled in
the art upon reading and understanding the present specifi-
cation, there is a need in the art to provide a CMOS imager
with integrated non-volatile memory wherein light received
by the image sensor does not effect the non-volatile memory.

SUMMARY

[0009] A CMOS imager and non-volatile memory are
integrated on a single integrated circuit wherein a layer of
protective material covers the non-volatile memory for
blocking light received by the imager. Logic and support
circuitry are also fabricated on the integrated circuit for
decoding and processing optical information received by the
CMOS imager.

[0010] In one embodiment, an image sensor on an inte-
grated circuit is presented wherein the integrated circuit
comprises a CMOS imager for defining an image, non-
volatile memory for storing the image and/or program code
information, and logic and support circuitry are fabricated
on the integrated circuit such that a level of protective
material covers the non-volatile memory for blocking light
received by the CMOS imager. The level of protective
material is a metal or opaque material provided as part of the
fabrication process. A method of fabricating a CMOS
imager on an integrated circuit with non-volatile memory is
also presented.

[0011] CMOS technology allows the fabrication of a
single chip set having image capture, analog/digital conver-
sion, digital processing and image storing capabilities.
Image storing capabilities eliminates the need for placing
non-volatile memory on a separate chip to protect it from the
light received by the CMOS imager. Further, a single chip
set allows a lower cost imaging device. In addition, an
imaging device comprising a single chip set is more compact
in size as compared to a multiple chip set imaging device.

[0012] Therefore, integrating non-volatile memory onto
the same substrate as a CMOS imager which captures
optical information, including logic and support circuitry for
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decoding and processing this information, allows a single
chip set to replace a multiple chip set imaging device
performing the same function. In different embodiments of
the invention a protective layer of varying scope is described
for blocking light received by the CMOS imager, wherein
the protective layer is a metal or opaque material provided
as part of the fabrication process. Further embodiments of
the invention will become apparent by reference to the
drawings and by reading the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of an embodiment of a
digital camera system utilizing a CMOS imager with inte-
grated non-volatile memory according to the teachings of
the present invention;

[0014] FIG. 2 is an embodiment of a typical architecture
for a CMOS imager; and

[0015] FIG. 3 is a plan views of an integrated circuit
having a CMOS imager along with non-volatile memory
covered by a protective layer according to the teachings of
the present invention.

DETAILED DESCRIPTION

[0016] In the following detailed description of the pre-
ferred embodiments, reference is made to the accompanying
drawings which form a part hereof, and in which is shown
by way of illustration specific preferred embodiments in
which the inventions may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the
art to practice the invention, and it is to be understood that
other embodiments may be utilized and that logical,
mechanical and electrical changes may be made without
departing from the scope of the present invention. The
following detailed description is, therefore, not to be taken
in a limiting sense, and the scope of the present inventions
is defined only by the appended claims.

[0017] The terms wafer and substrate used in the follow-
ing description include any structure having an exposed
surface with which to form the integrated circuit (IC)
structure of the invention. The term substrate is understood
to include semiconductor wafers. The term substrate is also
used to refer to semiconductor structures during processing,
and may include other layers that have been fabricated
thereupon. Both wafer and substrate include doped and
undoped semiconductors, epitaxial semiconductor layers
supported by a base semiconductor or insulator, as well as
other semiconductor structures well known to one skilled in
the art. The term conductor is understood to include semi-
conductors, and the term insulator is defined to include any
material that is less electrically conductive than the materials
referred to as conductors.

[0018] The present invention, in one embodiment, is a
single integrated circuit having a complementary metal
oxide semiconductor (CMOS) imager for capturing optical
information, logic circuitry to decode and process the infor-
mation and non-volatile memory for storing the optical
information and/or program code, wherein the non-volatile
memory is covered by a protective layer for blocking light
received by the CMOS imager. The protective layer can be
ametal or opaque material provided as part of the fabrication
process of the integrated circuit. The present invention thus

May 26, 2005

allows non-volatile memory to be placed on the same
integrated circuit as the CMOS imager without having the
light received by the CMOS imager adversely effecting
stored data. A digital camera system utilizing the CMOS
imager is first described, wherein the digital camera system
serves as an alternate embodiment of the present invention.
An architecture of the CMOS imager is also presented along
with a general layout, or floorplan, of a single substrate
having the CMOS imager, non-volatile memory and pro-
cessing capabilities integrated thereon.

[0019] FIG. 1 is a block diagram of an embodiment of a
single chip 3 digital camera system 5 utilizing a CMOS
imager 14 with integrated non-volatile memory 34 accord-
ing to the teachings of the present invention. There are
several different techniques used to make digital cameras 5,
wherein the techniques provide for different quality cameras
covering a variety of applications. These techniques are well
known in the art and the invention is not limited to any
particular digital camera type.

[0020] Referring to FIG. 1, light 8 representing an image
passes through a lens 10 that is controlled by a stop 12 and
shutter (not shown). The light 8 is photoelectrically con-
verted by the CMOS imager 14, which is an image pick-up
device for generating and outputting an analog image signal
photoelectrically converted from an image incident thereon.
CMOS imagers 14 are well known to one skilled in the art
and the present invention is not limited to any particular type
of CMOS imager.

[0021] The analog image signal from the CMOS imager
14 is converted by an analog/digital (A/D) convertor 16 to
be recorded in a frame memory 18. The writing and reading
of image data in and out of the frame memory 18 are
controlled by a memory controller 20 under the control of a
micro-controller 22. The digital image data read out from the
frame memory 18 is coupled to a digital signal processor
(DSP) 24. An output from the DSP 24 is converted into an
analog image signal by a digital/analog (D/A) convertor 26.
The analog image signal is supplied to an output terminal 28
and an electronic view finder 30 for viewing.

[0022] Video data that is read out of the frame memory 18
is subjected to a compression process in a data compression/
decompression unit 32 conforming to a compression stan-
dard, such as Joint Pictures Expert Group (JPEG). Other
compression standards well known to one skilled in the art
are acceptable, such as wavelet compression. Unlike Fourier
and cosine transforms for compression, Wavelet compres-
sion consists of transforming signals into a sum of small,
overlapping waves for analyzing, storing and transmitting
information.

[0023] The compressed image data is fed to a memory unit
34 to be recorded. Memory unit 34 comprises non-volatile
memory so that if power is removed from the camera § the
data contents remain in the memory cells that make up the
non-volatile memory unit 34. Non-volatile memory
includes, but is not limited to, EPROM, EEPROM and flash
memory.

[0024] 1In lieu of utilizing non-volatile memory for storing
images, the non-volatile memory in, one embodiment, could
be used to store program code information while the images
can be stored in a in a battery backed up RAM (not shown).
In one embodiment, the code is firmware for controlling a
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digital signal processor 24 or the micro-controller 22. Also
included within the firmware are control of other parameters
that effect the digital camera 5, such as specific sensitivities
of the imager field, a camera identification number, or
additional parameters.

[0025] Most non-volatile memory cells rely on a trapped
charge stored on a floating gate in an FET. The charge
reaches the floating gate either by tunneling or avalanche
injection from a region near the drain. Erasure of the charge
from a floating gate is made by tunneling or by exposure to
ultraviolet light. Unless the memory unit 34 is protected
from the light 8 received by the CMOS imager, data stored
on a floating gate within the memory unit 34 can be erased.
Protection of the non-volatile memory unit 34 from light
received by the CMOS imager 14 is described in more detail
with reference to FIG. 3. In another embodiment, the
non-volatile memory cells store a charge at an interface of
two layers of oxide. For purposes of the invention, a memory
cell which stored data between oxide layers is considered
equivalent to a floating gate.

[0026] In playback, the video image that is read out from
the memory unit 34 is recorded in the frame memory 18. The
video data that is read out from the frame memory 18 is, like
in the previous case, fed through the DSP 24 and another
D/A convertor 26 for viewing via the electronic view finder
30 or via a monitor coupled to the output terminal 28.

[0027] The frame memory 18 is controlled by a memory
controller 20 which is operated according to the micro-
controller 22. The micro-controller 22 also controls the data
compressing/decompressing unit 32, memory controller 20,
and the memory unit 34.

[0028] A switch 40 is coupled to the micro-controller 22
for providing information regarding the operation of the
digital camera 5. The switch 40 comprises a plurality of
individual switches. For instance, a trigger 41 switch is
provided for instructing exposure operation, a plus 42 and a
minus 43 switch for selecting an image in a play-back
operation, a record/play 44 switch for instructing recording
and play-back operation. Other switches allow for control of
the mode of the camera such a high-speed mode 45, a
low-speed mode 46 and a normal speed mode 47. The digital
camera 5 is not limited to the above described switches and
one skilled in the art realizes other switching options appli-
cable to the digital camera 5 depicted in FIG. 1. An LCD 50
displays the camera operation state under control of the
micro-controller 22.

[0029] The micro-controller 22 receives and outputs data
through data bus 52 to control the entire digital camera 5§
operation. The recording of the extracted image in the
memory unit 34 is made through the control of the micro-
controller 22. An image received by the CMOS imager 14 is
produced by extracting the digital image data from the frame
memory 18 and storing this image in the memory unit 34.
Interface circuitry 53 is also coupled to the data bus for
communicating the image data to another device, such as a
printer, a computer, or even a memory card. In one embodi-
ment, interface circuitry 53 is a PCMIA interface.

[0030] An embodiment of a CMOS image sensor 14, of
the present invention, is illustrated in FIG. 2. The CMOS
imager 14 is a solid state imaging device that depends on a
photovoltaic response when silicon is exposed to light 8.
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Photons in the visible and near-IR regions of the spectrum
have sufficient energy to break covalent bonds in the silicon.
The number of electrons released is proportional to the
intensity of the light 8 received from an image. The CMOS
image sensor 14 can comprise a photodiode array 80, a
vertical shift register 82, a horizontal shift register 84, an
array controller 86, a video output unit 88 and other support
circuits.

[0031] One embodiment of the photodiode array 80 com-
prises 800 horizontal pixels by 1000 vertical pixels. The
image format is generally less because the non-image lines
provide color characterization and reference information.
Support circuits for the photodiode array 80 constitute the
rest of the CMOS imager 14. A vertical shift register 82
controls reset, integrate and readout cycle for each line of the
array 80. A horizontal shift register 84 controls column
readout. A two-way serial interface and internal register (not
shown) provide control, monitoring and several operating
modes for the camera functions.

[0032] CMOS pixel-array 80 construction uses active or
passive pixels. Active pixel sensors can be photodiode or
photogate pixels and include amplification circuitry in each
pixel. Passive pixels use a photodiode to collect the photo-
charge.

[0033] A passive pixel comprises a photodiode in which
the photon energy converts to free electrons and comprises
an access transistor to a column bus. After photocharge
integration, an array controller 86 turns on the access
transistor. The charge transfers to the capacitance of the
column bus, where the charge integrating amplifier at the
end of the bus senses the resulting voltage. The column bus
voltage resets the photodiode and the array controller 86
turns off the access transistor. The pixel is then ready for
another integration period.

[0034] The passive photodiode pixel achieves high “quan-
tum efficiency.” Quantum efficiency is a ratio of photon-
generated electrons that the pixel captures to the photons
incident on the pixel area. A low fill factor reduces quantum
efficiency wherein the fill factor is a ratio of light-sensitive
area to the pixel’s total size, also known as aperture effi-
ciency.

[0035] An active photogate pixel utilizes a charge-transfer
technique to enhance the array’s 80 image quality. The
active circuitry then performs a doubling-sampling readout.
First, the array controller 86 resets the output diffusion, and
a source-follower buffer reads the voltage. Then a pulse on
the photogate and access transistor transfers the charge
voltage. This correlated double-sampling technique enables
fast readout and mitigates fixed pattern noise and reset noise
at the source.

[0036] Independent of utilizing active or passive pixels,
the output of the array 80 is an analog image signal photo-
electrically converted from an image incident thereon which
then passes through a video output unit 88 before reaching
the A/D convertor 16 illustrated in FIG. 1.

[0037] FIG. 3 is plan view of an integrated circuit 100
having a CMOS imager 14 and non-volatile memory 34
which is covered by a protective layer. In FIG. 3, a protec-
tive layer 102 covers the non-volatile memory 34 so that
light received by the CMOS imager 14 does not effect data
stored within the memory cells. Other circuits fabricated
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onto the single integrated circuit 3 can include the micro-
controller 22, an A/D convertor 16, a D/A convertor 26 and
a DSP 24. Logic support circuitry 108 is also fabricated onto
the circuit 100, wherein the logic circuitry 108 comprises the
remainder of the functions necessary for the digital camera
5 to operate. Logic circuitry 108 components are collec-
tively referred to as peripheral support for the CMOS imager
14 and the non-volatile memory unit 34.

[0038] In one embodiment the protective layer 102 (in
addition to covering the non-volatile memory 34) is a metal
layer used as an interconnect for electrically connecting
other areas of the integrated circuit 100. That is, one of the
metal layers used to connect circuitry of the integrated
circuit is not patterned over the memory cells and provides
an opaque protective layer. In another embodiment the
protective layer is an opaque material utilized by the imager
14 for blocking light in between the pixels. Thus, the opaque
material provided for the imager is, likewise, used to provide
a memory protection layer. This opaque material can be, but
is not limited to, metal. For example, the opaque material
can be polyamide. Because the non-volatile memory 34 is
susceptible to light, the protective layer 102 serves to block
exposure to light received by the imager 14. Even though the
protective layer 102 primarily serves to block light from
reaching the non-volatile memory 34, the protective layer
102 can be utilized to cover the other components integrated
on the substrate 110 to minimize the build up of heat
resulting from the received light.

[0039] Fabrication processes for the CMOS integrated
circuit 100 closely resemble those of fabricating micropro-
cessors and ASICs because of the similar diffusion and
transistor structures. Several metal layers are optimal for
producing image sensor 14. One of these metal layers can be
utilized as the protective layer 102.

[0040] A difference between CMOS image sensor pro-
cesses and advanced microprocessor and ASIC processes is
that the decreasing feature size works well for logic circuits
but does not benefit pixel construction. Smaller pixels mean
lower light sensitivity and dynamic range. Even though the
logic circuits can be made smaller, the photosensitivity area
can shrink only so far before diminishing the benefits of less
silicon area.

[0041] Each single integrated circuit 100 is fabricated
upon a monolithic substrate 110. In one embodiment, the
substrate 110 is a bulk semiconductor, such as P-silicon. In
another embodiment, an epitaxial substrate 110 is used.

Conclusion

[0042] A CMOS imager 14 and non-volatile memory 34
integrated onto a single substrate 110 along with logic and
support circuitry for decoding and processing optical infor-
mation received by the CMOS imager 14 has been
described. A protective layer 102 covers the non-volatile
memory 34 contained on the substrate 110 for blocking light
received by the CMOS imager 14. In one embodiment the
protective layer 102 is a metal layer which can also be used
as an interconnect layer for electrically connecting other
circuits on the substrate 110. In another embodiment the
protective layer 102 is an opaque layer formed during the
fabrication process of the integrated circuit 100. Integrating
a CMOS imager 14, non-volatile memory 34 and support
circuitry for decoding and processing optical information
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received by the CMOS imager 14 allows for a single chip 3
image sensing device, such as a digital camera 5.

[0043] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those
skilled in the art that any arrangement which is calculated to
achieve the same purpose may be substituted for the specific
embodiment of the present invention. This application is
intended to cover any adaptations or variations of the present
invention.

What is claimed is:

1. A method of fabricating a CMOS imager on an inte-
grated circuit with non-volatile memory comprising:

fabricating an array of non-volatile memory cells;

fabricating a light blocking and patterned electrically
conductive layer over the array of non-volatile memory
cells such that the light blocking and patterned electri-
cally conductive layer blocks light from the array of
non-volatile memory cells and provides electrical inter-
connects on the integrated circuit;

fabricating the CMOS imager for defining an image in
response to received light; and

fabricating a frame memory for storing the image from

the CMOS imager.

2. The method of claim 1, wherein the light blocking and
patterned electrically conductive layer is a metal layer used
as an interconnect for electrically connecting other circuits
on the integrated circuit.

3. The method of claim 1, wherein the light blocking layer
is an unpatterned portion of the light blocking and patterned
electrically conductive layer.

4. A method of fabricating a CMOS imager on an inte-
grated circuit with non-volatile memory comprising:

fabricating an array of non-volatile memory cells;

fabricating a patterned electrically conductive layer over
the array of non-volatile memory cells to provide
electrical interconnects on the integrated circuit;

fabricating a light blocking layer over the array of non-
volatile memory cells to block light from the array of
non-volatile memory cells; and

fabricating the CMOS imager for defining an image in

response to received light.

5. The method of claim 4, further including fabricating a
frame memory for storing the image from the CMOS
imager.

6. The method of claim 4, wherein fabricating the light
blocking layer over the array of non-volatile memory cells
further includes patterning a portion of the light blocking
layer to provide electrical interconnects on the integrated
circuit.

7. The method of claim 4, wherein fabricating the light
blocking layer over the array of non-volatile memory cells
further includes fabricating the light blocking layer from a
polyamide material.
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8. A method of fabricating a CMOS imager on a mono-
lithic substrate comprising:

fabricating an array of memory cells;

fabricating a patterned electrically conductive layer over
the array of memory cells to provide electrical inter-
connects on the integrated circuit;

fabricating a light blocking layer over the array of
memory cells to block light from the array of memory
cells; and

fabricating the CMOS imager for defining an image in

response to received light.

9. The method of claim 8 further including fabricating a
frame memory for storing the image from the CMOS
imager.

10. The method of claim 9 further including fabricating
the array of memory cells by fabricating non-volatile tran-
sistor memory cells to form an array of non-volatile memory
cells.

11. The method of claim 10 wherein fabricating the light
blocking layer over the array of non-volatile memory cells
further includes patterning a portion of the light blocking
layer to provide electrical interconnects on the integrated
circuit.

12. The method of claim 10 wherein fabricating the light
blocking layer over the array of non-volatile memory cells
further includes fabricating the light blocking layer from a
polyamide material.

13. The method of claim 10 wherein at least one of the
array of non-volatile memory cells further includes fabri-
cating at least one transistor with a floating gate.

14. The method of claim 10 wherein at least one of the
array of non-volatile memory cells further includes fabri-
cating at least one transistor with an attached capacitor.

15. The method of claim 10 wherein fabricating the
CMOS imager further includes fabricating an active pixel
array.

16. The method of claim 10 wherein fabricating the
CMOS imager further includes fabricating a passive pixel
array.

17. An image sensor, comprising:

a single integrated circuit;

a CMOS imager in the single integrated circuit for defin-
ing an image in response to received light;

a microcontroller in the single integrated circuit for con-
trolling the CMOS imager;

a non-volatile memory unit in the single integrated circuit
and fabricated adjacent to the CMOS imager for storing
program code or data; and
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a patterned conductive layer electrically interconnecting
areas of the single integrated circuit, the patterned
conductive layer including:

a level of protective material fabricated over the non-
volatile memory unit for blocking the light received by
the CMOS imager.

18. The image sensor of claim 17 wherein the non-volatile
memory unit receives and stores the image.

19. The image sensor of claim 17 wherein the level of
protective material is metal fabricated as an interconnect
layer for electrically connecting other circuits on the single
integrated circuit.

20. The image sensor of claim 17 further comprising a
digital signal processor for receiving and processing the
image from the CMOS imager.

21. An image sensor comprising:

a CMOS imager sensor fabricated on a monolithic sub-
strate for defining an image in response to received
light;

a non-volatile memory unit fabricated on the monolithic
substrate and fabricated adjacent to the CMOS imager
for storing program code or data; and

a patterned conductive layer electrically interconnecting
areas of the single integrated circuit;

a level of protective material fabricated over the non-
volatile memory unit for blocking the light received by
the CMOS imager.

22. The image sensor of claim 21 further comprising
fabricating a microcontroller on the monolithic substrate for
controlling the CMOS imager.

23. The image sensor of claim 21 wherein the non-volatile
memory unit receives and stores the image.

24. The image sensor of claim 21 wherein the level of
protective material is metal fabricated as an interconnect
layer for electrically connecting other circuits on the single
integrated circuit.

25. The image sensor of claim 24 wherein the level of
protective material is an unpatterned portion of the metal
interconnect layer.

26. The image sensor of claim 21 further comprising a
digital signal processor for receiving and processing the
image from the CMOS imager.

27. The image sensor of claim 21 wherein the monolithic
substrate is a semiconductor integrated circuit.



